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Abstract 
Fe-matrix composite coatings reinforced by in-situ particles with high nickel content were produced on QT450-10 by laser 
alloying. Coatings with different microstructure proportions and particle distributions were obtained by the adjustment of 
the content of Ni, Ti and Zr in the alloying powder and the laser parameters. The influence of the content of Ni and the 
is studied, which is revealed by the electrochemical characteristics. 
The results indicate that the alloying coating with more content of nickel and less particles get corroded much harder with 
a higher corrosion rate. 
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1. Introduction 
Particle reinforced composite has attracted extensive investigation in material science and engineering. It 
has excellent properties such as wear resistance, high temperature characteristics and ductility, due to its 
reinforcing phase. In-situ particles, which are synthesized from nucleation, have better bonding strength and 
thermal stability. Adding carbide-formation elements into the molten pool produced by laser alloying/cladding 
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was proved to be an efficient method to produce in-situ carbide particle reinforced coatings. Therefore, laser 
produced metal matrix composite coating reinforced by in-situ particles gets highly attraction, and has already 
been widely used in different industry [1-5]. 
Over the past years, researchers have conducted a lot of systematic investigations on in-situ particle 
reinforced composite coatings produced by laser cladding/alloying. By changing the composite of the powder, 
the particle distribution can be controlled, and the performance changes correspondingly [6]. However, the 
previous researches mainly focus on the wear resistance of the coatings [1-8], rather than the influence of the in-
situ particles on the coating s corrosion resistance. As a consequence, the present study aims to produce in-situ 
particle reinforced composite coating with high nickel content by laser, in order to increase the surface 
corrosion resistance of the spheroidal graphite cast iron substrate, and reveal the influence of the 
microstructure, including particle distribution, on the corrosion resistance of the coatings. 
2. Experimental procedures 
Laser alloying experiments were conducted on the surface of spheroidal graphite cast iron QT450-10. The 
surface was polished and cleaned by acetone prior to the laser process. A kind of C-Si-B powder which was 
specifically designed for laser alloying was used, and Re2O3 and CaF2 were mixed into the powder in order to 
get better coating formation. Besides, strong-carbide-formation elements such as Ti and Zr were added in. The 
content of Ni, Ti and Zr in the powder was changed so as to obtain alloy layers with different microstructure 
proportions and particle distributions. Three sets of powders with fixed ratios (shown in Table 1) were 
prepared and preplaced on the surface of the substrates with an organic binder, and the thickness of the 
preplaced layers was 0.5 mm. The specimens were dried in air at room temperature.  
Table 1.Composition of the laser alloying powder 
Composition Sample 1 Sample 2 Sample 3 
Content of Ni, wt.% 28 28 38 
Content of Ti and Zr, wt.% 10 6 10 
 
Overlapping laser alloying was carried out with an YLS-2000 fiber laser with a 33% overlap on each track. 
The beam diameter was 3.6 mm, while the scanning velocity was fixed as 2 mm/s. Argon was used to shield 
the molten pool from being oxidized. 
The samples were sectioned vertically to laser alloying track, mounted and polished for further 
investigation. The microstructure of the coatings was analyzed by a JSM-6460 scanning electron microscope 
equipped with an Oxford LNCA X-sight 7573 energy-dispersive spectrometer. An HM-3 microhardness tester 
was used to measure the coating s microhardness distribution. The samples were respectively etched with a 
solution of H2O2 and HCl for microstructure observation, and HNO3 and alcohol for microhardness 
measurement. The data of particle distribution was analyzed by the software of Image-Pro Plus. The corrosion 
resistance of the coatings was evaluated by a CHI601D computerized electrochemical instruments. Each 
specimen was sectioned into a 4 5 mm2 slice. The polarization curves were measured in 3.5 wt.% NaCl 
solution with a 3-electrode system, with platinum as the counter electrode and a standard calomel electrode as 
the reference electrode, and the scan rate was 1 mV/s. The potential scope was carried out from -1.5 V to 0.8 
V, with the delay time as 2s. 
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3. Results and Discussion 
     
     
Fig. 1. Microstructure of the alloying coatings with different composition (SEM): (a) Macrograph with defects; (b) Sample 1; (c) Sample 
2; (d) Sample 3. 
3.1. Microstructure of the coatings 
Overlapping coatings with metallurgical bond to the substrate were obtained after the laser alloying 
experiments. However, cracks and pores are observed in the coatings. Typical Microstructure of the alloying 
coatings is shown in Figure 1, with small particles found in ledeburite and austenite dendrites. Analyze the 
particle distribution, including particle size, area ratio and distribution density, in morphology pictures with 
higher magnification, and the statistical results are seen in Table 2. 
Table 2. Particle distribution of the alloying coatings with different composition 
Sample The smallest particle diameter, m 
The largest particle 
diameter, m 
The particle area 
ratio, % 
The particle distribution 
density, 103/mm2 
Sample 1 0.92 1.48 1.01 9.74 
Sample 2 0.61 2.05 0.92 6.74 
Sample 3 0.85 3.69 2.06 7.49 
 
It indicates that with the decrease of the content of the carbide formation elements, that is Ti and Zr in this 
experiment, the area ratio of the dispersed particles decreases slightly, due to the reduction of the particle 
distribution density.  At the same time, it can be seen that the area ratio of austenite becomes larger with the 
increasing content of Ni, and the austenite dendrites get coarsened and more continuous. Meanwhile, with 
more Ni in the coating, some larger particles with the size of 3-4 m can be found. That s why the particle 
area ratio increases despite the reduction of the particle distribution density. 
(a) (b) 
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60 m 
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3.2. Microhardness of the coatings 
 
Fig. 2. Microhardness distribution of  different samples 
Figure 2 illustrates the microhardness distribution of the three different samples  alloying coatings. It 
reveals that the microhardness distribution is quite uniform. The microhardness increases slightly at the depth 
of 1 mm, and decreases afterwards. From the statistical analysis we can see that, the variation of the content of 
carbide formation elements has little impact on the coating microhardness, and the coating microhardness of 
both sample 1 and sample 2 is about four times as the substrate microhardness. But the increase of Ni leads to 
the reduction of coating microhardness, which is only about three times as the substrate microhardness. That 
is because the area ratio of austenite dendrites becomes larger with more Ni added in, and austenite has lower 
hardness compared with cementite and the in-situ carbide particles. 
Table 3. Statistical analysis for microhardness distribution of the alloying coatings with different composition 
Sample The lowest microhardness, HV0.2 
The highest 
microhardness, HV0.2 
The average 
microhardness, HV0.2 
Deviation, HV0.2 
Sample 1 715.66 916.38 829.92 27.15 
Sample 2 774.59 900.56 831.18 35.60 
Sample 3 543.70 648.68 592.75 47.87 
3.3. Corrosion resistance of the coatings 
Figure 3 illustrates the polarization curves of the three samples and the substrate in 3.5wt.% NaCl solution 
at room temperature. The electrochemical parameters were analyzed by Tafel fitting according to the 
polarization curves, shown in Table 4. It can be seen that, sample 3, which has the highest amount of Ni, is the 
hardest to get corroded among all the four materials, since it has the most positive free corrosion potential. 
Besides, it is harder to be corroded with either the raise of the quantity of Ni or the reduction of the quantity 
of Ti and Zr. However, once the corrosion begins, the damage velocity of sample 3 is the largest, due to the 
280   W. Qiwen et al. /  Physics Procedia  41 ( 2013 )  276 – 281 
largest corrosion current density. Coating with more content of carbide formation elements and less content of 
Ni has smaller corrosion current density, thus, the corrosion behavior for these coatings is more slowly.  
 
Fig. 3. Polarization curves of the alloying coatings with different composition 
 
In summary, alloying coatings with more Ni will get corroded much harder, but will get a higher corrosion 
speed. The alteration of the microstructure distribution, known as the area ratio of austenite to ledeburite, is 
the mainly variation with different quantity of Ni. It can be inferred from the result that the expansion of 
austenite dendrites will lead to a harder but quicker corrosion behavior. On the other hand, coatings with more 
carbide formation elements will get corroded easier, but the corrosion velocity is lower. With more carbide 
formation elements addition, coatings with more particles will be obtained, and that will lead to the increase 
of the phase interface quantity. According to the prior researches [9-10], the adsorption/diffusion phenomena at 
the interfaces can be the cause for oxidation and pitting corrosion, and that will make the coating easier to get 
corroded. But the in-situ reinforcement particles can also block the extension of the corrosion pit, due to their 
high stability. That is why coatings with higher carbide formation elements will get a slower corrosion 
velocity. 
Table 4.Electrochemical parameters of coatings with different composition in 3.5wt.% NaCl solution at room temperature 
Sample Ecorr, mV Icorr, A/cm2 
Substrate -838 1.63 10-5 
Sample 1 -517 3.30 10-6 
Sample 2 -445 9.37 10-6 
Sample 3 -435 4.00 10-4 
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4. Conclusions 
Laser produced alloying coatings reinforced by in-situ particles with different microstructure and particle 
distribution were obtained, by changing the quantity of Ni and carbide formation elements in the alloying 
powder. The microhardness of the coatings is uniform and much higher than the substrate. 
Inferred from the electrochemical analysis, coatings with more content of Ni get corroded easier, but the 
corrosion rate will be higher, while coatings with more content of particles are quite opposite. 
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